The development of an optical sensor for noninvasive measurements in humans requires a test setup, where the optical properties of tissue and blood can be adjusted and measured standardized. The goal of this work is to develop a simplified device based on an integrating sphere setup to evaluate the optical properties of tissue and blood phantoms with respect to static as well as flow conditions. Furthermore, the measurement system is intended to be used at different locations such as laboratories and operating theaters. We evaluate the absorption µ a and reduced scattering µ s ' coefficients of specimens, with the developed integrating sphere setup. The measurement is regulated by a microcontroller for averaging and processing the data. The system is housed in a lightproof box and powered by a battery and therefore transportable. Due to this construction, no calibration is necessary between transports of the system. Calculations are executed with the inverse adding doubling algorithm. In order to basically calibrate and evaluate the setup before first transportation, a dilution series with Intralipid and India ink serve for the test. The results were consistent with precedent studies (mean absolute deviation for µ s ' of 0.75 mm -1 ) and demonstrate that this method might be able to produce liquids with adjustable optical properties, as required for further research. Furthermore, a first dilution series of heparinized heamoglobin (5 to 15 g/dl) with oxygen saturation of 98 % was measured with this system under flow conditions. We observed a linear increase of µ a and µ s ' with the increment of the haemoglobin concentration. As light sources, laser diodes in the range from 780 to 980 nm were introduced. Static and flow measurements indicated that the system is capable for evaluating optical properties under the selected conditions.
Introduction
To understand the way how light propagates in tissue it is necessary to investigate the optical properties of the media. The absorption coefficient µ a and the reduced scattering coefficient µ s ' are standardised variables to describe this function. Unfortunately, these coefficients cannot be measured directly. The Inverse-Adding-Doubling (IAD) algorithm is widely utilized to determine the optical properties on basis of feasible measurements. Integrating spheres are typical devices to obtain the reflection and transmission of a media. These are the basic data as input for the IAD-algorithm.
The goals of this work are the development of a setup to determine optical properties (µa and µs') of samples in a standardised procedure. To verify the system the optical properties of well-defined specimen are investigated and compared with data from references. Next part is to create blood and tissue phantoms with separately adjustable absorption and scattering attributes. Last part is the investigation on the optical characteristics of blood with different haemoglobin concentrations.
Intralipid is a well-defined fluid solution simulating scattering in tissue while India ink simulates absorption. Both substances can be modulated separately and allow to verify the system and to serve as basis for optical phantoms. The absorption and scattering of these substances cannot be measured undiluted, so a dilution series with respect to [1] was introduced. 
Material and methods

Measurement setup
The aim of the measurement system is to determine optical properties of liquids in a standardized procedure. Integrating spheres (also known as Ulbricht spheres) proved to be a standard to measure reflection and absorption of samples [2, 3] . Therefore, we utilize these as the core of tISM (Figure 1 and 2). The hollowed integrating spheres are coated with a scattering substance from the inside. The light enters the spheres through a small hole and is evenly distributed in the inside, due to multiple scattering. An optical detector in the sphere measures the optical power. The first Ulbricht sphere has a second hole on the opposite of the entrance hole, from where the light propagates to the second sphere. In between the specimen is located. The first integrating sphere measures the back-scattered light while the second sphere measures the transmitted light. Unscattered transmission can also be measured with tISM. For this the spheres are removed and a photodiode positioned in a defined distance measures the amount of light that is neither scattered nor absorbed. This part of the system was not employed for the present paper.
As light source laser diodes provide a focused light spot (1 mm diameter) on the sample. The wavelengths (780 nm, 808 nm, 850 nm and 980 nm, as well as 1310 nm for the measurements with blood dilution) were selected with regard to the so called "optical window", limited by the optical extinction caused by haemoglobin on one side and water on the other side. Representing the isosbestic point of oxygenated and deoxygenated haemoglobin, 808 nm was selected for further investigations with respect to test for haemoglobin concentrations. Lasers with 980 nm and 1310 nm were considered due to higher water absorption at these wavelengths. To ensure a flexible handling, the system was fit in a transportable box, making it also resistant to displacements of the optical devices due to unexpected contacts or shocks. To easily operate the measurements while the box is closed a touchscreen was implemented, controlling the laser in a closed environment. Therefore, the risk of eyecontact with the laser is reduced significantly compared to an open setup. tISM can be operated with or without a connected computer. If connected, the measurement data are sent via USB for calculations with the IAD algorithm. In this configuration no further power supply is needed. Without this connection the system can be powered via AC adapter or battery enabling transportable operation. In the presented setup each measurement is automatically repeated n = 10 times to reduce the influence of noise by averaging.
Inverse adding doubling
The inverse adding doubling Algorithm [4] , based on van de Hulst's transport equation, calculates the absorption coefficient µ a as well as the reduced scattering coefficient µ s ' from the measured transmission and total reflection taking into account the specimens' anisotropy as well as the system parameters. References stated an error of 3 % or less [4, 5] of the IAD algorithm, which is acceptable within the scope of the presented work.
Cuvettes
The system can be configured with two types of cuvettes. A static cuvette (1 mm) is utilized for the measurements with Intralipid and India ink where sedimentation is not a substantial interference. The dynamic setup utilizes a 3 mm cuvette for the measurements with blood. This allows a constant flow, preventing sedimentation of the erythrocytes.
Intralipid and India ink measurements
Intralipid-20 (ClinOleic 20%, Baxter) is an artificial fat emulsion applied for patients. Based on Soybean and olive oil, it scatters light while nearly absorbing no light [3] . Therefore, it is a suitable substance both for validating a measuring setup and for preparing specific optical properties in phantoms. For the dilution series 11 Intralipid concentrations between 1 and 20 % were prepared with distilled water as diluent. Due to the linear relation between dilution and the optical properties, µs' of the undiluted Intralipid can be obtained by linear regression. Michels et al. [6] evaluated no significant differences between the absorption of the Intralipid-20 produced by Baxter and Fresenius Kabi used in the multicentre study [3] .
To adjust the probes absorption, India ink is a standard [3, 7] . The light extinction is mainly caused by absorption with negligible scattering in the selected wavelength-band of this investigation. For the measurements, the concentration of India ink was adjusted in an Intralipid concentration of 6 %.
Haemoglobin dilution series
In order to evaluate the dependence of the optical properties (µ a, µ s ') with respect to increasing haemoglobin concentrations (tHb), 11 samples in the range from 5 to 15 g/dl were measured under flow (3 mm cuvette). The flux is created by a peristaltic pump. The concentrations were adjusted with an IL 682 CO-Oximeter as reference. Heparin and sodium bicarbonate were added to the blood and physiologic salt solution was used as diluent. The haemoglobin oxygenation was held constant by 98 % for all samples. The blood bags for the measurements were obtained from the blood bank and were no longer applicable for human use.
Results
Intralipid and India ink dilution
The dilution series revealed a linear increase of optical parameters (µ a , µ s ') along with the increment of the specimen's concentration (Figure 3 and 4) . The measured values have a mean absolute deviation of 0.12 mm -1 (µ s ') and 0.15 mm -1 (µ a ) with respect to the linear regression. The values in the measured range seem suitable to mimic blood and tissue [8] . 
Blood dilution
The results of the measurements with diluted erythrocyte concentrate are presented in Figure 5 and 6. Reference values from Opp [2] are introduced, also estimated with an integrating sphere setup. Due to the missing reference for wavelengths other than 808 nm and 1310 nm they were neglected in the present paper. The calculated absorption coefficients µ a for 808 nm match with data of the reference. For 1310 nm a similar increase of µ a with the haemoglobin concentration was observed, while the absolute value differs from data of Opp [2] . The slope of the coefficient µ s ' with the haemoglobin concentration fits with [2] . For both wavelengths, the absolute values differ between measured values and data obtained by Opp [2] .
Discussion
The Intralipid measurements serve to evaluate the systems validity, therefore the calculated values for the reduced scattering coefficient µ s ' were compared to data from references. In a multicentre study with nine research laboratories Spinelli et al. [3] defined reference values for the scattering of Intralipid. Linear regressions of their presented reference data achieve values for the selected wavelengths. The determined reduced scattering coefficients have a mean absolute deviation of 0.75 mm -1 compared to the data in [3] .
This deviation is in the range of the measurements done within the reference study itself and can therefore be seen as valid.
For the blood dilution series, there is a linear slope between the haemoglobin concentration and µ s ' as well as µ a . This is in line with results by Opp [2] and Roggan et al. [9] . The difference of the absolute values for µ s ' and for µ a at 1310 nm is currently under investigation.
Conclusion
The results of this investigation as well as the comparison with data from references confirmed that the developed system is able to determine the scattering and absorption coefficients of Intralipid-20 through a dilution series in addition with India ink. Therefore, it is suitable as reference for producing optical phantoms. The optical properties of the Intralipid dilution series seems to mimic scattering and -in combination with India ink -absorption of blood and tissues. Based on this data a phantom can be developed.
